Object. In this paper the authors aimed to provide information related to major and minor surgical and neurological complications encountered following stereoelectroencephalography and epilepsy surgery.
I
t has been clearly demonstrated that surgical treatment for intractable epilepsy is an effective and safe treatment. It leads to seizure freedom in > 75% of patients who suffer from TLE 1, 25, 37, 49 and in 50 to 70% of those who suffer from extratemporal lobe epilepsy, 22, 27, 60 and it improves their QOL. 10, 46, 51, 52 Although epilepsy surgery is safe and effective, it is not free of complications. Epilepsy surgery exhibits some peculiarities that are not common in other neurosurgical procedures. A unique feature of epilepsy surgery is that removal or disconnection of functionally normal brain areas is often an essential part of the surgical strategy, which inevitably leads to some neurobehavioral complications. Furthermore, before undergoing epilepsy surgery, patients must undergo highly invasive diagnostic procedures to lateralize and/ or localize epileptic tissues, which also carry the risk of some complications. Complications either from invasive diagnostic or surgical procedures should be known due to ethical considerations, and the surgeon should inform patients, their family members, and caregivers. Thus, quantification of the risks or complications is as important as seizure outcome to both surgeon and patient given that each invasive intervention carries unique potential adverse effects, which must be considered when recommending surgery.
Most reports documenting surgical complications after epilepsy surgery are mainly related to TLE, 36, 41, 43 and most include patients from multiple epilepsy centers. The complications of diagnostic and surgical procedures after temporal and extratemporal lobe epilepsy from a single center and even from a single surgeon are poorly documented. Thus, it would be useful to use data from a single center and single surgeon to evaluate various surgical modalities of treatment for the sake of uniformity of the surgery being performed.
Morbidity in epilepsy surgery: an experience based on 2449 epilepsy surgery procedures from a single institution Methods Between 1976 Between and 2006 Between , 1905 patients with intractable epilepsy underwent surgery performed by the senior author (A.O.) at the MNI. These patients underwent 6415 diagnostic SEEG studies and a variety of 2449 epilepsy surgery procedures. A list of all patients was obtained from the epilepsy surgery database. The first followup was performed 6 weeks after surgery, followed by 6 months in the 1st year, and yearly thereafter through outpatient visits. Thus, all patients have at least 1 year of follow-up data to evaluate surgical and neurological complications following diagnostic or surgical procedures.
Selection Criteria
In this historical review of patients' charts, the following selection criteria for complications after surgery were used: 1) patients whose first or subsequent operations were done by other surgeons (at the MNI or elsewhere) before the senior author's operation, and 2) those who died in the 1st follow-up year were excluded from the review. For the complications following SEEG studies, exclusion criteria were as follows: 1) those whose first and subsequent SEEG studies were performed before the authors' SEEG study either at the MNI or at other centers, and 2) those who underwent an SEEG study but no surgery.
Definition of Complication
There is no universal definition of complication after epilepsy surgery, but depending on a few previously published reports we defined complication as an unwanted, unexpected, and uncommon event after a diagnostic or therapeutic procedure. 2, 40 The severity of surgical and neurological complications in this series was graded as minor (transient) if it resolved within 1 year and as major (permanent) if it lasted > 1 year after the surgical or diagnostic procedure. 2, 40 However, we want to emphasize that the definition of a complication may be open for discussion because some postoperative disturbances have been considered as acceptable side effects and not as complications if they resolved completely within a few days. For example, brain edema may cause simple transient side effects such as dysnomia, mild hemiparesis, aphasia, and numbness in the extremities, but these generally resolve after antiedema medication. Furthermore, some permanent or temporary VFDs (upper quadrantanopia) should also not be classified as complications because they may be unavoidable in TLE surgery. Expected paresis after functional tissue removal is not regarded as a complication. In the same context, homonymous hemianopia after occipital lobe resection is also not considered a complication because patients are informed that this may occur after surgery. An infected bone flap that requires cranioplasty was defined as minor, even if the cranial defect persisted longer. In this study, neuropsychological complications were not addressed.
Invasive Procedure
Stereoelectroencephalography, or insertion of intracranial electrodes including cerebral electrodes, has been used at the MNI since the 1970s and is indicated when noninvasive diagnostic techniques have shown inconclusive results regarding an epileptic focus. At the MNI, the use of ventriculography for SEEG was abandoned in 1982. Until 1984, CT and digital subtraction angiography were used for localization of electrode targets and in 1984 MR imaging replaced CT scanning. In 1996, digital subtraction angiography was substituted for double-dose Gd MR imaging. Before March 1992, a conventional stereotactic frame was used for SEEG studies in all cases, and all implantations after 1992 were performed using a frameless stereotactic guidance system. The electrodes used were made at the MNI laboratory. They are insulated stainlesssteel electrodes with recording contacts 5 mm apart from the tip, allowing for recording from deep structures and surface areas of the brain. A small twist drill is used to perforate the bone instead of making bur holes. The evolution of technique and the special apparatus used at the MNI for SEEG are described in detail elsewhere. 26, 28, 30 No prophylactic antibiotic agents were used except local Bacitracin at the electrode sites. Neither CT nor MR imaging was performed on a routine basis after electrode implantation. Electrodes were removed with the patient in a state of general anesthesia in the operating room after completion of the monitoring procedure. Parts of the present series with respect to efficacy and morbidity in SEEG studies have been previously published.
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Surgical Procedure
Surgical techniques in temporal and extratemporal epilepsy and functional disconnection, such as corpus callosotomy, have been reported and discussed extensively in the literature; 20, [22] [23] [24] [25] 27 it is beyond the scope of this paper to detail the surgical techniques. However, there are some issues that we should mention. At the MNI, our surgical strategy for mesial TLE changed in 1990. Before 1990, CAH was the surgical procedure of choice and included anterior temporal lobe resection plus amygdalohippocampectomy. After 1990, with the systemic use of neuronavigation and great advances in neuroimaging and diagnostic modalities including invasive (frameless, neuronavigation-based SEEG since 1992) and noninvasive preoperative EEG evaluations, we have attempted to limit resections to the presumed epileptogenic focus; therefore, selective amygdalohippocampectomy became the method of choice. Callosotomy as an alternative surgical treatment in patients with medically intractable epilepsy was initiated in 1981, and over the years, surgical strategies, indications, and patient selection were refined and improved. Short-and long-term results of corpus callosotomy have been previously reported by our group. 18, 19, 50 Again, no prophylactic antibiotic agents were used before or after surgery.
Data Recording
After a retrospective review of patients' charts, a database was created, and some variables were grouped to make categorical comparisons. Regarding intracranial recordings, the following independent variables were included: patient age, sex, side and site of implantation, number of lobes covered, number of electrodes inserted, and duration of monitoring. Lobes were grouped according to the resections as follows: frontal, central, parietal, occipital, temporal, and multilobar. Furthermore, for categorical comparisons, some variables were further grouped as follows: age (< 50 vs ≥ 50 years) and side of implantation (bilateral vs unilateral). The complications related to SEEG were tabulated as follows: hematoma (epidural, subdural, or intraparenchymal), infection, and miscellaneous.
Regarding surgical procedures, the following independent variables were included: age at first surgery, sex, onset of seizure, duration of epilepsy, number of surgeries, and side and site of surgery. Lobes were grouped according to the resections as follows: frontal, central, parietal, occipital, temporal, multilobar, corpus callosotomy only, and corpus callosotomy plus (these last patients underwent additional resections in other brain areas in addition to the corpus callosotomy). Furthermore, for categorical comparisons some variables were grouped as follows: age (< 50 vs ≥ 50 years), number of surgeries (1 vs > 1), and resection type (lesional vs nonlesional). Complications related to epilepsy procedures were grouped as follows: surgical, neurological, and miscellaneous. Surgical complications were further tabulated as hematomas (epidural, subdural, or intraparenchymal), and infections.
Statistical Analysis
All data collected from each patient were organized in a database (Excel, Microsoft Corp.). Numeric variables were recorded as the mean ± SD. For statistical analysis, we used the chi-square test to compare groups based on patient ages and sex, and the number and location of SEEG electrodes (in patients undergoing electrode implantation); and patient age and sex, number of surgeries, location of surgery, lesional/nonlesional resection, and presence of intracranial electrodes in relation to surgical complications (in patients undergoing surgery). Correlations were made using the Pearson correlation test. A probability value < 0.05 was considered statistically significant. All statistical calculations were performed using commercially available software (SPSS version 12.0, SPSS, Inc.).
Results
Complications in SEEG
A total of 491 patients underwent frameless stereotactic placement of intracranial electrodes. The mean patient age and duration of recording were 30.4 ± 12.4 years and 14.8 ± 4.0 days, respectively. The temporal lobe was the most common site implanted, followed by the frontal lobe. Of 6415 electrodes, 2943 (45.9%) were depth electrodes and 2490 (38.8%) were cerebral electrodes. The rest were the reference and ground electrodes, which were inserted in the parietal lobes. Table 1 provides a clinical summary of patients who underwent the SEEG study.
A total of 4 patients (0.8%) harbored intracranial hematomas, which were common in the frontal lobe (in 3 [3.3%] of the 90 patients with electrodes implanted in the frontal lobe), followed by the temporal lobe (in 1 [0.3%] of the 329 patients with electrodes implanted in the temporal lobe). One patient harbored an SDH in the frontal lobe and underwent surgical evacuation, and the patient did not experience sequelae. The patient was young and had severe bilateral frontal lobe atrophy; the hematoma had arisen from a frontal vein contusion. Intraparenchymal hematomas involving the frontal and temporal lobes were small, and no surgery was needed.
The infection rate was 1.8% (9 patients). Of 4 cerebral abscesses at the site of implantation, 2 cases necessitated evacuation, and the other was treated with intravenous antibiotics only. All patients responded to therapy, and they did not experience sequelae. Four patients (0.8%) with scalp infection and 1 with meningitis responded promptly to intravenous antibiotics without further complications. The frontal lobe was associated with the highest rate of infection followed by the temporal lobe.
Other complications were seen in 22 patients (4.5%); Table 2 summarizes the rate of all complications in each lobe. Three patients (0.6%) pulled out some of their electrodes: 1 patient pulled out some electrodes during a convulsive attack, and the other 2 pulled them out during the early postimplantation period. The electrodes were reimplanted, and the patients completed their recording period without any sequelae. One patient (0.2%) was left with an electrode fragment in the temporal lobe seen 1 year later on follow-up; this patient was found to have a cold abscess. In 2 patients (0.4%), a small area of infarction was found around the tip of electrodes, but this did not result in any further complication. Transient headache was the main complaint in 12 patients (2.4%), and this was thought to be due to a small amount of CSF leakage during implantation. Arm cellulitis, eye discharges, and urinary tract infections were the other rare complications, which were not associated with SEEG.
Overall, infection was found to be the most common complication followed by hematomas; their combined rate was 2.6%. When considering the occurrence of these complications, the valid percentage was found to be 7.1%.
There was no statistical difference in the complication risk (hematoma, infection, and other) for sex (p = 0.8, chi-square test), sides (p = 0.2, chi-square test), and age (p = 0.8, chi-square test). However, when considering the lobes separately, implantation in the frontal lobe was associated with increased risk of intracranial bleeding (p = 0.04, chi-square test). The number of electrodes per lobe (p = 0.05, Pearson correlation) and number of lobes covered (p = 0.04, Pearson correlation) were associated with an increased risk for hematomas and infection, but duration of monitoring did not have an effect on the complication rate (p = 0.2, Pearson correlation). None of the patients who underwent SEEG died.
Complications in Surgical Procedures
The mean patient age reported at first surgery was 30.2 ± 12.6 years (range 1-69 years). The mean age at seizure onset and duration of epilepsy were 10.9 ± 10.4 and 19.7 ± 12.4 years, respectively. A total of 958 reoperations (39.1%) were performed in 427 patients (22.4%).
The clinical characteristics of patients and the surgical approaches are listed in Table 3 . Of all 2449 resections performed, those in the temporal region predominated (1482 surgeries; 60.5%), followed by the frontal (412 surgeries; 16.8%), multilobar (108 surgeries; 4.4%), central (79 surgeries; 3.2%), parietal (78 surgeries; 3.1%), and occipital regions (47 surgeries; 1.1%). There were 147 (6%) and 96 (3.9%) callosotomy only and plus resections, respectively. No patient underwent a bilateral resection.
Surgical Complications
We did not encounter any major surgical complications in this series (Table 4) . Among 1905 patients, 56 (2.9%) experienced minor surgical complications.
The most frequent complication was infection, which was seen in 19 patients (1.0%), followed by intracranial hematomas (14 patients; 0.7%). Two cerebral abscesses necessitated surgical evacuation, and 6 responded well to antibiotics without residual deficit. Four cases of osteomyelitis were associated with scalp infection, and cranioplasty and wound debridement were performed without any further complications. One wound infection was treated with antibiotics only. Two cases of meningitis responded well to antibiotics. There was 1 case of meningitis and CSF fistula 30 days after the operation, which was also treated with antibiotics without any sequelae.
Of 7 EDHs 3 were evacuated, which resulted in neurological deficits, and the other 4 were so small that no specific treatment was required. Two IPHs were treated surgically: one was seen after a cavernoma resection in the lower central area, and the other was seen following a second procedure in which CAH was performed and the patient did well. Only 1 of 4 SDHs was evacuated without any sequelae.
No patient required special treatment for hydrocephalus. Ten patients had subgaleal fluid collection, one of which was associated with fever and occurred after temporal resection. In this case a lumbar drain was inserted and antibiotics were given. The patient responded well to the treatment in 10 days without any further complications. Two of the 3 cases of postoperative brain swelling after frontal resection and 1 after corpus callosotomy plus superior frontal gyrus resection needed a reoperation. This was most likely due to insufficient removal of devascularized cortex. After a frontal resection, 1 patient suffered a complication related to an epidural drain. In this case, on the 1st postoperative day, a piece of epidural drain was left while it was being removed. On the same day, the patient was taken to the operating room and the piece of the drain was removed. There were 2 cases of CSF fistulas, 1 of which was associated with meningitis (already mentioned). Both responded well to the antibiotics. Suture detachments were seen in 2 patients, and resuturing was performed without any complication.
Comparing the surgical complications among the groups, the complication rate was highest for the extratemporal resections (5.4%), followed by callosotomy (including plus; 5%), multilobar (4%), and temporal (1.7%) resections.
Sex (p = 0.3, chi-square test), type of resection (p = 0.8, chi-square test), presence of an SEEG study (p = 0.3, chi-square test), and side (p = 0.3, chi-square test) and site * CE = cortical electrode; DE = depth electrode; GE = ground electrode; RE = reference electrode. † One electrode each for reference and ground were implanted in the parietal lobe in every patient.
(p = 0.5, chi-square test) of surgery did not contribute to the occurrence of surgical complications. The number of surgeries significantly increased the surgical complication rate (p = 0.001, chi-square test). In this series, we also found that the surgical complication rate was significantly correlated with increased age (p = 0.03, Pearson correlation) and number of lobes resected (p = 0.02, Pearson correlation). There were no deaths due to surgery.
Neurological Complications
There were 62 neurological complications (3.3%) in the 1905 patients who underwent surgery (Table 5 ). Of these, 52 (2.7%) were minor and 10 (0.5%) were major. Hemiparesis was the most frequent major neurological complication (in 4 patients), followed by quadrantanopia (in 3 patients). Regarding major hemiparesis, 1 patient had permanent hemiparesis after IPH evacuation, which was seen after the resection of a cavernoma in the lower central area, and another had severe hemiparesis and dysphasia several days after an uncomplicated superior frontal gyrus resection and anterior callosotomy. This complication was likely due to thrombosis of an ascending frontal vein. The third case of major hemiparesis was seen after multilobar resection, and the last was due to thrombosis of a frontocentral vein after one of the frontal resections. Quadrantanopia was seen in 3 patients. Two of these patients underwent resection for occipital cortical dysplasia associated with several small subependymal nodules in the lateral wall of the occipital horn and 1 underwent CAH and lesionectomy. The occurrence of major neurological complications was highest after multilobar resections (2.6%), followed by extratemporal resections (1.3%), callosotomy (including plus resections) (0.6%), and temporal resections (0.1%).
When considering the minor neurological complications, transient hemiparesis was the most common minor neurological complication (in 26 patients [1.4%]), followed by transient dysphasia (in 16 patients [0.8%]). Patients who experienced minor neurological complications recovered quickly during the postoperative period, and therefore these incidents should not really be considered complications. Some of these might be related to patient positioning, positioning of the cortical incisions, or ischemic changes at the edge of resection or retraction itself. The multilobar resection group had the highest rate of minor neurological complications (12%), followed by the callosotomy group including plus resections (5.6%), extratemporal resections (4.5%), and temporal resections (1.1%). Overall, neurological complications were greatest in multilobar resections (14.6%), followed by the callosotomy group including plus resections (6.2%), extratemporal resections (5.6%), and temporal resections (1.2%).
Miscellaneous Complications
Miscellaneous complications were rare and are listed in Table 6 . This group includes minor complications that were seen and resolved completely in the early period after surgery. Fifty-nine patients (3.6%) had nonsurgical minor complications in this series. Transient fever was the most common complication (18 patients [0.9%]), followed by DVT and/or PE (11 patients [0.57%]), and aseptic meningitis (10 patients [0.52%]). All were treated with proper therapy, and all were transitory without further complications.
Discussion
The importance of surgery in medically intractable temporal and extratemporal lobe epilepsies has been well established. Beneficial effects of the surgery on seizure outcome and QOL have been reported in previous 36, 37 and more recent clinical studies. 1, 10, 46, 49, 51, 52, 60 Several reports have indicated that, in a significant number of patients, seizure tendency can be markedly improved, which may lead to normalization of life in long-term follow-up. 14, 16, 53 Although it has been reported that invasive diagnostic rt unilat  160  43  30  19  633  54  0  28  967  lt unilat  124  24  18  20  599  21  0  17  823  no. of ops  1  194  60  31  33  1021  43  87  14  1483  2  66  5  12  4  182  31  24  16  680  3  22  3  5  2  31  1  4  10  234  4  5  0  2  0  1  0  0  5  52  total  412  79  78  47  1482  108  147  96  2449 * CC = corpus callosotomy; MST = multiple subpial transection; selAH = selective amygdalohippocampectomy; SSMA = somatosensory motor area. † The types of resection are not provided separately in multilobar resection group, and data are summarized as "lesionectomy" and "corticectomy." ‡ Four and 3 frontal and temporal lobectomies, respectively, were included in the corticectomy group for the related lobe. § Multiple subpial transections were performed in the temporal lobe of the dominant (left) hemisphere in this case. One patient in the "multiple subpial transections plus" in the "corpus callosotomy plus" group underwent an anterior 75% corpus callosotomy plus resection and multiple subpial transections over the left lower central area.
modalities and epilepsy surgery itself have a very low morbidity rate, some complications such as intracranial hemorrhage can put the patient in a catastrophic condition that may overshadow successful results of the surgery. Thus, quantification of the risks and benefits is equally important to the patients and the surgeons. The risks and benefits must be considered and discussed with the patient before undertaking any invasive diagnostic and therapeutic interventions. Despite extensive literature discussing diagnostic and surgical approaches as well as outcomes after temporal or extratemporal lobe epilepsy surgery, the complications of invasive diagnostic procedures and therapeutic interventions are poorly documented. Studies have mainly been focused on the outcome and complications in temporal or extratemporal lobe epilepsy surgery in smaller series of pediatric or adult patients, and scant data exist regarding morbidity in all types of epilepsy surgery together. In the same context, little has been published concerning morbidity and mortality associated with SEEG studies, although the use of intracranial electrodes has become more frequent in the last 2 decades. The majority of studies concerning complications after intracranial recording techniques mostly include subdural or epidural strips or grids, 57, 59 and only a few studies comprising a satisfactory number of cases have reported mortality and morbidity rates following intracranial electrode insertions for epilepsy. 7, 9, 39 Because there are few reported cases in which intracranial electrodes have been placed, we cannot make conclusions regarding the placement safety of this particular type of monitoring. More importantly, most of the literature regarding the complication rates of intracranial electrodes and surgical approaches for epilepsy is in reviewed books, which have generally discussed the complications depending on multiple centers and/or multiple surgeons. 12, 26, [33] [34] [35] 54 Although the heterogeneity of these studies may cause bias in the complication rate, they have provided helpful statistics both for the evaluation of clinical practice and for counseling patients before surgery.
Complications of SEEG
Depending on the previously published studies focusing only on the complications after intracranial electrode insertion, it is clear that the most common complication was infection, the most feared complication was intracranial hemorrhage, and the mortality rate was ≤ 1%. [7] [8] [9] 39, 42 The reported risks of hemorrhage following stereotactic placement of intracranial electrodes ranged from 0.6 to 2.1%. 8, 42, 48, 54 Talairach et al. 48 have reported one of the largest studies to date in which they noted 3 intracerebral hemorrhages in 560 patients (0.5%) after intracranial electrode insertion. In another series of 163 patients, the risk of intracerebral hemorrhages was reported as 2.5% and 2 patients died (1.4%). One died of posterior cerebral artery injury and another after laceration of a parasagittal bridging vein. 8 In the study by Munari, 17 intracerebral hematomas were found in 4 (1.4%) of 277 patients, one of whom required evacuation. Van Buren 54 collected data from a number of different epilepsy centers and reported a 2.7% risk of intracerebral hemorrhage in 879 intracranial electrode implantations. Another larger series including 2000 intracranial electrode implantations for monitoring seizure from different centers found 1 case of hematoma that required evacuation. 3 In a literature review, Pilcher et al. 34 reported a 2.5% rate of hemorrhage in 1582 patients evaluated with intracranial electrodes. Recent reports including small samples of patients assessed with intracranial electrodes 4, 39, 40, 42 demonstrated almost similar rates of hemorrhage as larger series 3, 4, 7, 9, 26, 30, 48 or literature reviews. [33] [34] [35] 54 Almost all authors agree that the incidence of intracerebral hemorrhage is low.
In our series, there were 4 cases of intracerebral hemorrhage, which was ~ 0.8% after intracranial electrode insertions; there were no deaths. The hemorrhage rate is no different from that in our previously published studies, 7, 9, 26, 30 but it is lower than previously published series from different centers and literature reviews reported so far. 2, 8, 33, 34, 39, 40, 54 This difference may be explained by the fact that previous studies mostly included cases from different centers and even from different surgeons who use different techniques. However, the main reason for the low hemorrhage rate in our series might be due to the technique that we use at the MNI. To decrease or avoid hemorrhagic complications, some authors have suggested bur holes rather than twist drill holes to allow visualization of surface vessels, 2, 4, 39, 42, 54, 55 and some rarely implant > 2 intracranial electrodes per patient. 54 However, our data showed that twist drill holes are extremely safe, and that using double-dose Gd MR imaging coregistered with neuronavigation provides an excellent view of cortical vessels, which leads to safe pial penetration. Our data also do not agree with the idea that > 2 electrodes per patient could increase the risk of intracranial hematoma. 54 It has been speculated that a lower risk of intracranial hemorrhages is mainly due to a parietooccipital entry point in cases in which bilateral hippocampal intracranial electrodes are necessary, avoiding the multiple convolutions of the temporal lobe where intrasulcus arteries are found. 2, 39, 55 However, bilateral mesial temporal intracranial electrodes have been inserted through the middle temporal gyrus without serious complications at the MNI for years. Furthermore, using this technique avoids multiple bur holes and craniotomies, which also decreases the risk of intracranial hematomas. Angiography has been considered essential to avoid intracranial bleeding, but it has been clearly demonstrated that angiography has also its own complications including intracranial hemorrhages. 6 Our series confirms the trend toward lower morbidity with † One patient in the "occipital resection" and 1 in the "multilobar resection" group showed major hemianopia, which was expected and discussed with the patient before surgery. Thus, it was not included in the table.
improved technique. We agree with Cahan and Crandall 5 who noted that valproic acid or aspirin should be avoided prior to invasive diagnostic techniques. Infectious complications after intracranial electrode implantation have been the most frequent complications, ranging from 1 to 5%. 3, 7, 9, 17, 26, 30, 34, 39, 44, 48, 54 Meningitis has been the most common CNS infection and, less commonly, brain abscess, most of which responded well to antibiotic therapy. 3, 7, 9, 17, 26, 30, 34, 39, 44, 48, 54 In a literature review by Van Buren 54 of 14 different institutions, the reported infection rate was 1.3% in 867 cases. Our largest series that we previously reported regarding complications of 3022 intracranial electrode implantations in 217 patients resulted in 1 case of meningitis and 3 cases of abscess, amounting to a complication rate of 1.8%. 7 In some small studies no infection was reported, 4, 39 and the low rate of infection was attributed mostly to the use of antibiotics throughout the monitoring period. 3, 7, 9, 17, 26, 30, 34, 39, 44, 48, 54 However, in a large prospective study there was no additional benefit to the continuous use of intravenous antibiotics during the recording period. 58 Furthermore, some researchers provided low doses of oral antibiotics during the recording period, but they suggested that the drugs may not be necessary. 39 To reduce the possibility of infection, some authors have suggested that the duration of recording should be < 2 weeks and the electrodes should be tunneled far away from the point of pial entrance to prevent CSF leakage. 4, 34, 39, 54 In our series, 9 patients (1.8%) presented with infection. Cerebral abscess and an infection at the skin entry site were most common, followed by meningitis (0.2%). The lower rate of meningitis in our series was likely due to a small amount of CSF leakage from the bone pegs, which ceased after injection of a small amount of methylmethacrylate in the distal end of the bone peg and around the electrode. We do not suggest using either intravenous or oral antibiotics during the recording period unless there is an infectious complication, and no antibiotic prophylaxis on a routine basis was used in our entire series. Furthermore, with our technique, it is not necessary to remove the electrodes through a needle puncture away from the main incision site since the electrodes exit through the bone pegs, which are anchored solidly in the skull. Removing the electrodes in the operating room in a sterile condition instead of at the bedside also helps to decrease infection rate. 39 We think that meticulous control of infection with simple antiseptic techniques during the implantation and monitoring periods is the key to success in lowering the infection rate.
We found 22 cases of miscellaneous infections (4.5%), including a variety of complications such as pulling out of the electrodes, transient headache, and so on. In some cases urinary tract infections, arm cellulitis, or eye discharges were seen, which were not related to the procedure itself.
It is very important to consider the risks/benefit ratio of epilepsy surgery during preoperative patient counseling. Reviewing the literature showed us only a few clinical series specifically discussing the morbidity rate following all types of epilepsy surgery. 
Surgical Complications
There were no deaths, and the overall morbidity rate was 2.9% (56 patients). The most common minor complication was infection (1.0%), followed by intracranial hematoma (0.7%). Regarding intracranial hematoma, EDHs had the highest rate of occurrence (0.4%), followed by SDHs (0.2%) and IPHs (0.1%). Cerebral abscess (0.4%) was the most common infectious complication, and meningitis was the least common (0.1%). In agreement with previously published studies, older age, more reoperations, and a greater number of lobes resected correlated with the increased infection rate and/or intracranial hemorrhages, 2,15,21,40,56 but previously implanted intracranial electrodes for diagnostic purposes did not have any correlation with increased rate of morbidity as reported previously. In 1 series of > 560 epilepsy surgical procedures in 526 patients that was not limited to temporal lobe resections, the senior author (A.O.) reported an overall morbidity rate of 2.4% with no mortalities and no major complications. 21 In this series, infection was the most common complication, accounting for 1.5% of complications, followed by cerebral edema (0.5%) and intracranial hemorrhage (0.3%). In their recently reported series of 47 children and adolescents, Ventureyra and Higgins 56 reported no deaths and no infections/hematomas. In another series, Behrens et al. 2 reported no deaths, and the overall morbidity rate was 8.4%. The most common complication they reported was infection; of 708 surgical procedures performed in 429 patients, they found a meningitis rate of 1.4% and a skin flap infection rate of 3.5%. Major surgical complications occurred in 2.2% of the temporal resections (minor 7.1%), in 4.3% of the extratemporal resections (minor 7.4%), and in 6% of the callosotomies (minor 9%). Intracranial electrode implantation was not found to be a contributing factor to surgery-related morbidity. In a multicenter study in Sweden, 40 morbidity after 446 operations was reviewed at 6 centers. This study reported that major deficits occurred in 2.8% of the temporal resections (minor 9.3%), in 4.9% of extratemporal resections (minor 9.9%), and in 1.5% of callosotomies (minor 7.5%); 1 patient died of intracranial hematoma. Infection was the most common complication, which was found to be 5.3%. Both the complication rate and the severity of the complications increased with age.
In the present series, there were no major surgical complications, but there were minor complications for temporal resections (1.7%), extratemporal resections (5.4%), callosotomy only and callosotomy plus (5%), and multilobar resections (4%). The morbidity rate in temporal resections was lower in the present study than in those aforementioned studies, and that for extratemporal resections was almost comparable to those studies. In line with previous series, infection was the most common complication in our series. 2, 15, 21, 40, 54, 56 Although we had no deaths in our series, early postoperative deaths have been reported in other studies (0.7-3.3% mortality rate), 12, [33] [34] [35] 40, 54, 56 suggesting that epilepsy surgery may be dangerous because of severe complications.
To decrease the infection rate, almost all authors have suggested the use of antibiotic prophylaxis. 2, 12, 15, [33] [34] [35] 40, 54, 56 However, in our series, no patient was given antibiotic prophylaxis during the pre-or postoperative period, supporting the idea that meticulous control of infection with a simple antiseptic technique in the operating room and on the ward is an effective method. Despite the fact that our operations were long and we used acrylic material to reconstruct bone defects, we still had a low infection rate. The risk of postoperative EDH has been eliminated by the systemic use of epidural drains. Subpial resections, which leave the pia and small arteries coursing in the sulci intact, with the use of the CUSA system (Valleylab) set at low parameters, further minimized the rate of intracerebral hematoma or ischemic injury in our series.
Neurological Complications
Various neurological complications were seen in a total of 62 patients (3.2%). The overall neurological morbidity rate was highest for multilobar resections (14.6%), followed by the callosotomy group including plus resections (6.1%), and extratemporal resections (5.6%). The lowest rate was found after temporal resections (1.2%). Among the neurological complications, hemiparesis was the most common complication in multilobar resections (9.3%).
Regarding minor complications in the present series, the overall rate was 2.7% (52 patients), and the most common minor complication was hemiparesis, followed by dysphasia, which was a common complication after dominant temporal resections. The overall morbidity rate for minor neurological complications has been reported to range from 0 to 3% in adults 2, 40, 54 and from 6.3 to 10% in children. 15, 56 In agreement with our series, hemiparesis was found to be the most common neurological deficit in clinical series reported so far. In Van Buren's series of adults, 54 which included a multicenter review of 2557 cases, minor hemiparesis was reported (0.8%). Hemiparesis was seen in 0.7% of temporal resections, in 0.2% of extratemporal resections, and in 5.3% of callosotomies. Eleven (0.6%) of 1911 patients suffered hemianopia after temporal resections. Other neurological complications such as speech impairment, dysphasia, and transient cranial nerve palsies, were reported to be low. In the series reported by Behrens et al. 2 and Rydenhag and Silander, 40 minor neurological morbidity was reported (1.7 and 3%, respectively). With regard to major neurological complications in the present series, the overall rate was 0.5% (10 patients), and hemiparesis was the most common neurological complication (0.2%). The rate of major neurological complications has been reported to range from 0 to 4.2% in children 15, 56 and from 0.1 to 2.6% in adults. 2, 40, 54 The most common major neurological complication in these series was hemiparesis, which has been reported to range from 0.7 to 2.2% in adults. 2, 40, 54 In a literature review of adults, Van Buren 54 reported major hemiparesis rates of 0.7, 0.9, and 0.8% after temporal resections, extratemporal resections, and callosotomies, respectively. Behrens et al. 2 reported major hemiparesis after temporal and extratemporal lobe resections (1 and 1.1%, respectively). Our series showed no major hemiparesis after temporal lobe resections; however, the rate was 0.1, 1.3, and 2.2 after extratemporal resections, multilobar resections, and callosotomy plus resections, respectively. The difference between the morbidity rates regarding personal series or multicenter reviews is likely due to the fact that some authors include almost all neurological deficits in this category as a whole, but others do not. Furthermore, some authors divided neurological complications as minor and major, 2,40 but others did not. 15, 21, 54, 56 These factors make comparisons among the reports very difficult. Hemiparesis in temporal lobe resections has been attributed to the manipulation of the branches of the middle cerebral artery (MCA), so-called manipulation hemiplegia by Penfield et al., 32 or to damage to the anterior choroidal artery. 13, 21 Major hemiparesis was not seen in our series of mesial temporal lobe resections because of our surgical route, which was through the middle temporal gyrus, eliminating the manipulation of MCA branches. Minor or transient dysphasia is not uncommon after dominant temporal lobe resections and usually resolves 1-3 days after surgery.
Minor dysphasia has been reported in up to 30% of patients, even in those undergoing awake craniotomies. 59 Removal of anterior or inferior temporal language areas, which fall within the boundaries of standard resections, may account for this phenomenon. In our series transient dysphasia was seen in 16 patients, which is in line with the previously published series. 2, 40, 59 Visual field defects, particularly superior quadrantanopia and hemianopia, may occur following temporal lobe resections. Superior quadrantanopia and major hemianopia after temporal resection have been reported to be up to 50 and 2-4%, respectively. 2, 15, 34, 40, 56 Because of interpersonal variations in the optic radiation, VFDs cannot be predicted before surgery. Injury to the Meyer loop, which courses in the roof of the temporal horn of the lateral ventricle, is mostly responsible for these complications. Rasmussen 38 suggested that quadrantic defects could be avoided if the extent of the superolateral ventricular opening is limited to 1 cm. Visual field defects were reported as 0.7% in the series of patients reported by Behrens et al., 2 0.4% by Rydenhag and Silander, 40 and 0.5% by Van Buren, 54 which are compatible with our rate (0.4%).
Third cranial nerve palsy is uncommon and has been reported in a small number of patients (< 1%). 2, 54 In this series third nerve palsy has never been complete, and all resolved during follow-up. This complication is presumably due to transpial manipulation of the nerve during mesial temporal resection.
In our series, there was no disconnection syndrome after total callosotomies. It has been demonstrated that the incidence of disconnection syndrome is increased as the extent of callosal section increases, and it has been reported up to 3% in total callosotomy. 45 However, some clinical studies 11, 47 and our own experience 18, 19, 50 have suggested that staged sectioning could avoid disconnection syndrome.
Miscellaneous Complications
This group includes a variety of complications, and generally most resolved during the postoperative period without specific treatment. However, some complications (such as DVT or DVT/PE) need to be treated as soon as possible if they occur during follow-up in the hospital. In the present series 59 patients (3.1%) developed miscellaneous complications; the most common was transient fever (1.0%), followed by DVT/PE (0.57%), and aseptic meningitis (0.52%). Similar rates were reported in clinical series. 2, 15, 21, 40, 56 Brief mention should be made of socalled aseptic meningitis, which appears in ~ 15% of patients 54 and is most prevalent after large cortical resections. Penfield 31 described this condition as a syndrome of headache, nuchal rigidity, and transient fever. It may be more likely to occur as a result of entry of blood into the ventricular system or subdural space and has been attributed to chemical meningitis from the breakdown of blood products. The best way to avoid aseptic meningitis is to obtain total hemostasis in the resection cavity and to prevent any dribbling of blood from the epidural into the subdural space at the time of dural closure. 21, 23 This intervention may also account for the reduction in the incidence of hydrocephalus. Replacement of subdural drains with epidural vacuum drains in our series further decreased the risks of aseptic meningitis. 21, 23 
Study Limitations
The main limitation of the current study is its retrospective nature, given that the diagnoses were obtained from the information registered in the charts, which could have introduced some collection bias. In addition, it would be very useful if we could provide information regarding unexpected postoperative cognitive deficits that may have a significant effect on the patient's QOL. Finally, postoperative VFD was not evaluated by formal testing, and the rate was related to confrontation testing done during follow-up visits. Therefore, the incidence (0.4%) should be interpreted cautiously.
Conclusions
Based on our experience, SEEG is a useful electrophysiological study, and the technique used at the MNI allowed for extremely low morbidity. Extreme implantation in the frontal lobe may be associated with an increased risk of intracranial bleeding. Furthermore, the number of electrodes per lobe and the number of lobes covered carries a higher risk of intracranial hemorrhage and infection. The mortality rate after epilepsy surgery is low compared with other common neurosurgical craniotomies. However, serious complications after epilepsy surgery may occur and they should be taken into consideration and discussed with patients before surgery. The number of reoperations may increase the surgical complication rate. Older age is another factor that may increase the risks of surgical complications. It is clear that advances in operative techniques, anesthesia, and intensive care during the last several decades have greatly decreased the risk of serious complications, and experienced hands in epilepsy surgery are the key to success. 
